Objective: To examine the relationship of body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHpR) and waist-to-height ratio (WHtR) with cardiovascular risk factors and diabetes in Thai population. Design: A national cross-sectional survey of cardiovascular risk factors. Subjects: Five thousand and three hundred five Thai adults aged X35 years. Measurements: Body weight, height, waist and hip circumference and cardiovascular risk factors including blood pressure, total plasma cholesterol, high-density lipoprotein, triglyceride and fasting plasma glucose were measured. Age-and sex-specific means and prevalence of cardiovascular risk factors were calculated and compared among anthropometric measurements. Results: There were increasing trends of severity of cardiovascular risk factors and prevalence of morbidity conditions across increasing levels of BMI, WC, WHpR and WHtR categories. For age group X65 years, WC, WHpR and WHtR provided more consistent association with cardiovascular risk factors than BMI. Area under the curve indicated that measurement of central obesity could predict cardiovascular risk better than BMI. The optimal cutoff points for anthropometric measurements were in line with the Asia-Pacific recommendation; however, similar cutoff point for men and women between 82 and 85 cm was observed. Conclusion: Central obesity indices were slightly better associated with cardiovascular risk factors compared to BMI in Thai adults aged X35 years.
Introduction
Obesity is becoming an epidemic health problem worldwide including the developing countries. 1 Obesity increases risk of cardiovascular diseases (CVD) through many cardiac risk factors including hypertension, diabetes and dyslipidemia. 1 A simple anthropometric measurement as an indicator for obesity related to cardiovascular risk factors has been of interest for use in public health action. Body mass index (BMI) is an indicator that has been widely used, and increasing BMI has been related to health risks and deaths rates in many studies. 1 Waist circumference (WC), a simple indicator for central obesity, has also been reported to reflect cardiovascular risks. 2, 3 It has been reported as a better predictor for cardiovascular risks compared to BMI. 4, 5 Similar to BMI, the relationship of WC and related health risk is influenced by age, gender and ethnic differences, so that the choice of cutoff values for WC in prediction of cardiovascular risk are likely to be different among different populations. 6 In Asian population with predisposition to central obesity and related increased risk of the metabolic syndrome, WC has been set with different cutoff points across countries. 7 Waist-to-hip ratio (WHpR) and waist-to-height ratio (WHtR) have also been reported as good surrogates for central obesity and associated with CVD risk. 8 Recent evidence suggests that Asian populations generally have a higher percentage of body fat compared to white people of the same age, sex and BMI. The prevalence of CVD risk factors and diabetes in Asian is substantial at below the BMI cutoff point of 25 kg/m 2 . 9 Moreover, there is evidence suggesting the variation in the association between BMI and adiposity among Asian population. For instance, Hong Kong Chinese, Singaporeans, Indonesians, young Japanese and urban Thais had lower BMIs at a given body fat compared with Europeans, whereas Beijing Chinese and rural Thais had a similar value to Europeans. 6, 10 Although several studies had assessed the association of anthropometrics and CVD risk factors in Asian populations, such data are limited from Thailand where the population characteristics might be different. 6 We have previously reported that either waist or WHpR is more strongly associated with fasting plasma glucose and diabetes than BMI. 11 The present study examined more on the relationship of four common anthropometric indices (BMI, WC, WHpR and WHtR) with other cardiovascular risk factors in Thailand. We also evaluated the optimal cutoff points of these anthropometric associated with cardiovascular risk factors. The study was conducted using data from a national cross-sectional survey, InterASIA study, which was a representative sample of the Thai population. 12 
Materials and methods

Subject
InterAsia study was conducted to estimate the prevalence of cardiovascular risk factors in Thai population, 2000. The detailed method has been described elsewhere. 12 Briefly, the study was a national representative cross-sectional survey.
The study used a multistage, stratified, clustered sampling. The total sample included 5305 participants aged X35 years (2093 men and 3212 women). Questionnaire data on demographic, history of medical illness and medication use, history of physical activity and smoking habits were interviewed. Anthropometric measurements including weight, height, waist and hip circumference were obtained. Waist circumference was measured from the horizontal plane at 1 cm above the navel. Measurement was made with a participant standing erect, abdomen relaxed, arms at the side and feet together with weight equally divided over both legs. Participants were told to breathe normally and to breathe out gently at the time of measurement and not to hold in their abdomen or hold their breath. Hip circumference was measured at the level of the maximal protrusion of the gluteal muscles. Blood pressure was measured using a mercury sphygmomanometer with the participants in the sitting position after 5 min of rest. Venous blood samples for biochemical analysis were performed at a central laboratory (Faculty of Medicine, Ramathibodi Hospital), which was standardized according to the criteria of the Centers for Disease Control -National Heart, Lung and Blood Institute Lipid Standardization Program. 
Statistical analysis
Analysis method to properly weigh the sample to be representative and to take into account for complex sampling was used. Enumeration districts were taken as primary sampling units, age and sex as strata, and weights were the population to sample size ratio for each combination of age, sex and type of enumeration district. Demographic characteristics of the study participants were presented by sex and age groups. Age was categorized into three age groups as: 35-49 years (n ¼ 2298), 50-64 years (n ¼ 1918) and X65 years (n ¼ 1089). Participants were categorized according to the tertile distribution of the anthropometric measurements. The analysis was performed for each age group in men and women separately. Baseline characteristics and biochemical values were compared among tertiles by analysis of variance. Adjusted means of biochemical values and blood pressure were calculated across anthropometric categories using linear regression for survey data. The variables adjusted for in the models included physical inactivity (those who had sedentary work and almost had no physical activity at leisure time vs those who engaged in at least moderate physical activity at work or at leisure time) and smoking (those had ever smoked 100 or more cigarettes and currently smoking vs combined exsmokes and non-smokers). In the analysis for adjusted means of cholesterol, blood pressure and fasting glucose levels, those who were on corresponding medication in the past 2 weeks were excluded (88 on lowering lipid drugs, 411 on antihypertensive drugs and 293 on diabetes medication). Logistic regression for survey data adjusted for physical activity and smoking was used to examine the relationship of each cardiovascular risk factor with indicator variables of anthropometric measurement using the lowest tertile as a reference. The odds from the models were used to calculate adjusted prevalence of cardiovascular risk factors for each anthropometric category. We also performed analyses of receiver operating characteristic (ROC) curves to compare the anthropometric measures in predicting the presence of cardiovascular risk factors. The optimum cutoff points for each anthropometric measure for men and women were determined by the determination of point where sensitivity and specificity converged (maximum of both). All the , P-value o0.05 and 0.53 vs 0.49, P-value o0.01, respectively), and had lower WHpR than men (0.86 vs 0.89, P-value o0.05), but both men and women had relatively similar mean WC values (80.7 cm). Height, weight and BMI decreased with age, whereas WC and hip increased in the 50-64 years age group and decreased in the X65 years age group. Women had higher TC, LDL-C and HDL-C levels than men (all P-values o0.01) but had lower level of TG than men (P-value o0.01). Men had a significant higher mean DBP compared to women (P ¼ 0.01) but not SBP (P ¼ 0.43) and fasting glucose level (P ¼ 0.35). In general, there were increasing trends of TC, LDL-C, blood pressure and glucose levels with increasing age with some exception. Total cholesterol and LDL-C were higher in the middle age group compared to the younger and older age group in women. There were slight increases in TC and LDL-C with age in men but not significant difference among groups. Triglyceride level was lowest in X65 year of age in men. There were remarkable increases in the prevalence of diabetes and hypertension with advancing age in both sexes (all P-value o0.001). Prevalence of dyslipidemia significantly increased with increasing age in women (P-value o0.01) but not in men (P ¼ 0.48). Table 2 shows the progressively increasing trends in adjusted means of TC, LDL-C, TG, glucose levels and blood pressure with increase in levels of BMIs in both men and women, particularly in age group o65 years. In general, for each age group, the adjusted means in the second and third tertile were significantly higher than those in the lowest Table 1 Characteristics and selected metabolic factors (mean, S.E.) Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; S.E., standard error; TC, total cholesterol; TG, triglyceride; WC, waist circumference. Dyslipidemia is defined as any of the following: TC X6.2 mmol/l; LDL-C X4.1 mmol/l; HDL-C o0.9 mmol/l for men or o1.03 mmol/l for women; TG X2.3 mmol/l, X2risk factors is defined as the presence of any two risk factors of hypertension, dyslipidemia or diabetes. *P-value o0.05, **P-value o0.01, ***P-value o0.001 compared to tertile 1, # P-value o0.05 compared to tertile 2.
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Compared to those of BMI in Table 2 , there were more consistently increasing trends of adjusted means of biochemical values and blood pressure with WCs in all age groups for both sexes, except for HDL-C and blood pressure in women aged X65 years. However, most of the differences between the second and third tertile for all factors were not statistically significant. Tables 4 and 5 show age-specific adjusted prevalence of cardiovascular risk factors by BMIs and WCs, respectively. The adjusted prevalence rates of hypertension and type 2 diabetes appeared to increase in the higher BMI tertiles except for the X65 years age group in women. Most of the prevalence for high lipid levels, except for HDL-C, increased with BMI and WC levels. The prevalence of subjects with two or more risk factors increased with increasing BMIs and WCs. The prevalence of diabetes was more consistently increased with the levels of WCs in all age groups compared to those of BMIs, although the increases were statistically significant only when compared to tertile 1. Additional analysis was conducted by adding BMI in the models for WCs, and the association between cardiovascular risk factors and WC categories remained, whereas adding WC in the models for BMIs, the relationship between BMIs and cardiovascular risk were weaken.
Similar pattern of adjusted means of biochemical values and blood pressure associated with WC were also observed for WHpR and WHtR. The pattern of adjusted prevalence of cardiovascular risk factors distributed by WHpR tertiles were also relatively similar to that for WCs (data not shown). The prevalence of subjects with hypertension, diabetes, dyslipidemia or X2 risk factors increased with higher levels of WHpR and WHtR categories. For age X65 years, the prevalence of diabetes was more consistently increased with both WCs and WHpRs than with WHtRs. However, the prevalence of X2 risk factors consistently increased across Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; S.E., standard error; TC, total cholesterol; TG, triglyceride. All means adjusted for smoking and physical inactivity, excluding those who taking medication for diabetes, lipid lowering or hypertension. *P-value o0.05, **P-value o0.01, ***P-value o0.001 compared to tertile 1, # P-value o0.05 compared to tertile 2.
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tertiles of all three central obesity indices in all three age groups.
The area under the ROC curves (AUC) for BMI, WC, WHpR and WHtR in predicting the presence of cardiovascular risk factors are shown in Table 6 . The AUCs of WC, WHpR and WHtR were relatively similar and almost all were larger than those of BMI except for low HDL-C. The AUCs for the presence of two or more risk factors in men were highest for WC (0.745) and lowest for BMI (0.704) and in women, the highest AUC were of WHpR (0.736) and lowest were of BMI (0.634).
The optimal cutoff points of four anthropometric measures are summarized and shown in Table 6 . The optimal cutoff points for BMI in predicting hypertension, diabetes, dyslipidemia or having two or more CVD risk factors 
Discussion
The results of the present study provided evidence that WC, WHpR and WHpR were slightly more consistently associated with most of the cardiovascular risk factors when compared to BMI in three age groups of 35-49, 50-64 and X65 years. The predictivity indicated by AUC of ROC curves was shown to be relatively higher by WC, WHpR and WHtR. The cutoff point for BMI associated with cardiovascular risk appeared to be at 22-23 kg/m 2 . We found that the cutoff point for WC associated with risk factors was relatively similar for men and women at 82-85 cm. The results suggest that central obesity indices were slightly better associated with cardiovascular risk factors than BMI. Waist circumference as a simple Abbreviations: DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; S.E., standard error; TC, total cholesterol; TG, triglyceride; WC, waist circumference. All means adjusted for smoking and physical inactivity, excluding those who taking medication for diabetes, lipid lowering or hypertension. *P-value o0.05, **P-value o0.01, ***P-value o0.001 compared to tertile 1, # P-value o0.05 compared to tertile 2. 14 However, data on trend of WC in Thai population are not available owing to lack of routine reporting in the previous national surveys. The population mean of BMI for Thai adults was relatively similar to those of some other countries in Asia such as Hong Kong, 15 Chinese 16 and Singapore. 17 But for WC in the present study, Thai men and women aged X35 years had a similar distribution of WC whereas in other countries, men usually has a higher WC compared to women.
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The results of the present study suggested that Thai population, similar to Chinese population, exhibited a lower BMI and WC distribution for cardiovascular risk factors Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; WC, waist circumference. Dyslipidemia is defined as any of the following: TC X6.2 mmol/l; LDL-C X4.1 mmol/l; HDL-C o0.9 mmol/l for men or o1.03 mmol/l for women; TG X2.3 mmol/l, X2risk factors is defined as the presence of any two risk factors of hypertension, dyslipidemia, or diabetes, All prevalence adjusted for smoking and physical inactivity. *P-value o 0.05, **P-value o0.01, ***P-value o0.001 compared to tertile 1, # P-value o0.05 compared to tertile 2. Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, lowdensity lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; WC, waist circumference. Dyslipidemia is defined as any of the following: TC X6.2 mmol/l; LDL-C X4.1 mmol/l; HDL-C o0.9 mmol/l for men or o1.03 mmol/l for women; TG X2.3 mmol/l, X2 risk factors is defined as the presence of any two risk factors of hypertension, dyslipidemia, or diabetes, All prevalence adjusted for smoking and physical inactivity. *P-value o0.05, **P-value o0.01, ***P-value o0.001 compared to tertile 1, # P-value o0.05 compared to tertile 2.
Obesity indices and cardiovascular risk factors in Thai adults W Aekplakorn et al The present study showed that the four anthropometrics were associated with cardiovascular risk factors including hypertension, diabetes and dyslipidemia, particularly for those aged under 65 years, and this is consistent with a study in Taiwan. 20 The finding of relationship between TC and BMI was affected by age is consistent with the WHO MONICA study, where a weaker cholesterol-BMI association was found in the older age groups. 21 The findings that waist, waist hip and WHtR appeared to be more related to cardiovascular risk factors even in the old ages were consistent with other studies. 3, 4, 22, 23 However, the optimal cutoff point for waist circumference for Thai compared to other Asian countries such as Chinese or Japanese might be different. 24, 25 The variation might be due to the difference in age group, the body size, metabolic status and physical activity. The present study has confirmed that WC was comparable to WHpR and WHtR in association with cardiovascular risk factors, although some studies have shown WC is better associated with cardiovascular risk factors and outcome when compared to WHpR 3,26-28 and some studies advocate WHtR as a better indicator. 8, 29 However, further prospective cohort studies need to be conducted to determine the association of these obesity indices with cardiovascular risk factors and their optimal cutoff points. For public health stand point, waist measurement could be a simple index for public as a self-monitoring measurement because it is relatively simpler and easier to measure and interpret as compared to BMI and others. The limitation of the present study is that it is a crosssectional design. More studies using prospective cohort study will provide stronger evidence. We were unable to explore more details about the age categories and anthropometric categories owing to the small sample sizes for many subgroups. The strength of this study is that it is used a representative sample of Thai population. The standardized anthropometric measurement and high-quality control of the study procedure substantially minimized the potential information biases.
In conclusion, the present study of Thai population aged X35 years has shown that WC, WHpR and WHtR were relatively better in terms of association with obesityrelated cardiovascular risk factors when compared to BMI. The optimal cutoff point of BMI at 23 kg/m 2 was in line with other Asian populations, but for WC, a similar cutoff point for Thai adult men and women at around 82-85 cm was observed. Waist circumference as simple obesity index should be advocated in regular health status monitoring.
